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Protein intake and blood glucose as modulators of GFR in hyperfilter.
ing diabetic patients. Glomerular hyperfiltration has been claimed to be
a risk factor for the development of diabetic nephropathy. Protein
intake and hyperglycemia can both increase GFR in diabetic and normal
subjects. Our study was designed to explore the relative importance of
short-term changes in protein intake and glycemia on the modulation of
renal hemodynamics in insulin-dependent diabetic (IDDM) patients
with and without glomerular hyperfiltration. The renal hemodynamic
response to a protein challenge was studied in eight hyperfiltering (HF)
and eight normofiltering (NF) patients after a three week period of low
or normal protein diet (LPD, NPD), each study being conducted twice,
in random order, under conditions of prevailing hyperglycemia (H) and
euglycemia (E). In HF patients GFR failed to increase significantly in
response to protein challenge during NPD under conditions of either H
or E (Baseline vs. 2 hr H: 151 4 vs. 155 6, NS; E 147 4 vs. 157
7 ml/min/l.73 m2, NS). A more normal response was restored
following LPD with GFR increasing in all but one patient after challenge
during H and in all patients during E (Baseline vs. 2 hr H: 130 7 vs.
145 8, P < 0.07; E: 127 7 vs. 143 7 ml/min/l.73 m2, P < 0.01).
Changes in RPF paralleled the changes in GFR and filtration fraction
remained stable under all study conditions. RVR was significantly lower
by two hours in HF patients only after the low protein diet (Baseline vs.
2 hr: H: 93 10 vs. 79 4mm Hg/mm/liter, P <0.05; E: 84 5 vs. 73
3 mm Hg/mm/liter, P < 0.02). In NF patients GFR increased
significantly under all study conditions, RPF also increased and RVR
fell. In IDDM patients with glomerular hyperfiltration on a normal
dietary protein intake, the renal hemodynamic response to a meat meal
is altered. Short-term changes in protein intake appear more important
than acute changes in glycemia in the regulation of renal function in
response to protein ingestion in these patients.
Increased glomerular filtration rate (GFR) is commonly found
in young insulin-dependent diabetic patients [1, 2] and has been
implicated in the genesis of diabetic renal disease [3, 4]. Single
nephron hyperfiltration has been shown in animal studies to be
a marker for the later development of glomerulosclerosis 14, 51
and microalbuminuric insulin-dependent diabetic patients with
a raised GFR have been reported to lose glomerular filtration at
a faster rate than normoalbuminuric patients with lower GFR
[6]. Recent studies in the diabetic rat model have shown that it
may not be hyperfiltration per se that generates increased risk,
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but the increased intraglomerular pressure [7], one of the
determinants of the GFR.
Protein intake has a profound effect on renal hemodynamics
[8] and in the setting of pre-existing renal disease a high protein
intake may be deleterious to the kidney [9]. In contrast,
restriction of dietary protein limits progression of established
renal disease in humans [10, 11], and has a renoprotective effect
in early or established renal disease in rat studies [4]. An acute
protein load results in a consistent increase in GFR and in renal
plasma flow (RPF) in normal subjects [12]. This effect has been
reported to be blunted in non-proteinuric insulin-dependent
diabetics [13], and some authors have found a paradoxical fall in
GFR after a meat meal in diabetic patients with and without
proteinuria [14, 15].
Blood glucose levels also modulate GFR and an increase in
GFR has been reported in hyperfiltering and normofiltering
diabetic patients in response to moderate hyperglycemia [16,
17]. Thus glomerular function appears to be acutely affected by
perturbations of both glycemia and protein intake; however, the
interaction between prevailing blood glucose levels and protein
intake in the regulation of the renal response to a protein load
has not been studied. Nor do we know whether the renal
response differs in insulin-dependent diabetic patients with
different baseline levels of GFR.
We have therefore compared the renal hemodynamic re-
sponses of hyperfiltering and normofiltering insulin-dependent
diabetic patients to an acute protein challenge after three weeks
of normal or low protein diet under conditions of either eugly-
cemia or moderate hyperglycemia.
Methods
Patients
Eight male insulin-dependent diabetic patients with glomeru-
lar hyperfiltration (GFR range 145 to 196; mean 164 ml/min/l .73
m2) were randomly selected from a cohort of 108 patients
screened for GFR using 51CrEDTA clearance in our diabetic clinic
[18]. They were matched for age [mean (range); 28 (21—36) vs.
31 (24—46) years] and duration of diabetes [14 (10—26) vs. 13
(8—20) years] with a group of eight male patients taken from the
same screening program with normal GFR (range 105 to 129;
mean 119 ml/min/l .73 m2). The non-diabetic range in our
laboratory is 83—135 ml/min/l.73 m2. Body mass index was
similar in the two groups [hyperfilterers (HF) 22 (19—24),
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normofilterers (NF) 23 (2 1—27) kg/rn2]. All patients were nor-
motensive (BP < 140/90 mm Hg) and clinically non-proteinuric
(Albustix negative). None were taking any medication other
than insulin. One of the hyperfiltering patients completed only
three out of the four studies, and this was accounted for in the
statistical analysis. All patients gave informed consent to the
study which was approved by the Guy's Hospital Ethical
Committee.
Experimental design
Each patient underwent renal hemodynamic studies on four
different occasions: After three weeks of low protein diet (LPD)
or normal protein diet (NPD) and under conditions of either
euglycemic (E) or hyperglycemic (H) clamp. The two diet
periods were separated by at least two weeks of normal protein
intake to avoid carry-over effects. The order of the four studies
was randomly determined. Mter equilibration, baseline renal
hemodynamics and urinary solute excretion rates were deter-
mined over the course of one hour. The patient then received a
protein challenge and responses were assessed for a further
three hours.
Dietary prescription and assessment
Diet was assessed at entry into the study in all subjects on
their standard diet and then at weekly intervals on NPD or
LPD. The LPD was designed to be isocaloric with the NPD and
provided 40 g protein/day, half from animal and half from
vegetable sources, with 57 to 60% of the energy from carbohy-
drates and alcohol, and approximately 35% from fat, using
special low-protein, high-carbohydrate products (GF Dietary
supplies, UK). Salt intake was unrestricted. Subjects received
calcium and phosphate supplementation while on LPD. Each
individual's food intake was assessed using a diet history and a
three-day weighed food record on two weekdays and one
weekend day. Records were checked with each subject and
then coded and analyzed using the DIET program of the
University of London Computer at Queen Mary College (Lon-
don, UK). Furthermore, each subject performed two 24-hour
urine collections at home for the determination of urea excre-
tion during each of the last two weeks on each diet to obtain an
objective assessment of protein intake and compliance. The
means of the excretion rates during both diet periods were used
for calculation. Protein intake was estimated from the urinary
urea nitrogen (UUN) and an estimated non-urea nitrogen
(NUN) excretion of 29 mg/kg/day [19] as:
UUN + NUN = IN
IN 6.25 = protein intake g!day
where IN is nitrogen intake. This formula assumes nitrogen
balance over the 24 hours of the urine collection. Creatinine
concentrations were also measured in these collections. A
weekly seven point blood glucose profile was collected on one
day of each of the last two weeks of the dietary periods.
Capillary blood samples were taken pre- and post-meals, and
before bed, into Sarstedt tubes coated with fluoride oxalate.
The protein challenge consisted of 80 g of protein as lean
cooked beef corresponding to a raw weight of approximately
390 g.
Glycemia and renal hemodynamic measurements
Patients were admitted to a metabolic ward the evening prior
to the study. They were weighed in indoor clothing and height
was measured. On the first occasion a full medical history was
recorded. The evening injection of insulin was omitted and a
teflon intravenous cannula (Venflon, Viggo, AB Helsingborg,
Sweden) inserted into the non-dominant arm for infusion of
insulin at variable rates to maintain the patient euglycemic
overnight (plasma glucose 4—6 mmol/liter). Patients were asked
to fast from 10 p.m. with only tap water being allowed. No tea,
coffee, alcohol or smoking were permitted after 6 p.m. The
morning of the study two further cannulae were inserted, into
the antecubital vein of each arm, one for inulin and PAH
infusion and the other for blood sampling. To establish hyper-
glycemia, a graded infusion of 50% dextrose was given to raise
the plasma glucose to approximately 12 mmol/liter [20]. The
infusion rate was thereafter adjusted to maintain this level of
glycemia. The insulin infusion was continued at its overnight
rate. For the euglycemic clamp the overnight insulin infusion
was continued at the same rate with minor adjustments as
required to maintain a plasma glucose of approximately 5
mmollliter. All studies were performed under a steady state of
water diuresis and GFR and RPF were measured by clearance
of inulin [polyfructosan (mutest), Boehringer-Mannheim, Zur-
ich, Switzerland], and sodium paraamino-hippurate (PAH,
Merck, Sharp and Dohme, Hoddesdon, Hertfordshire, UK),
respectively, as previously described [16]. After one hour
equilibration urine was collected at 15 minute intervals over the
first hour and every 20 minutes for the three hours after the
protein challenge. The urine from the 30 minute interval during
the ingestion of the meat meal was discarded. For the measure-
ment of PAH 3.5 ml aliquots were taken in tubes containing 20
d 4 M NaOH to prevent the formation of glucose adduct [211.
Further aliquots were collected for concentrations of polyfruc-
tosan, electrolytes, glucose, urea and creatinine. Blood was
drawn at the midpoint of each urine collection for measure-
ments of polyfructosan, PAH, glucose, electrolytes, potassium,
urea, creatinine, hematocrit and total protein. Additional blood
for glucagon and growth hormone measurements was collected
into chilled lithium heparin tubes containing 500 /Ll trasylol at
the midpoint of each hour. Pulse rate and arterial blood pres-
sure (standard mercury sphygmomanometer, phases I and V
measured to the nearest 2 mm Hg by a single observer, SJ) were
determined at the midpoint of the urine collections, prior to the
blood sampling. Urinary flow rate was determined from volume
and time. Patients remained supine during the study, standing
only to void.
Laboratory methods
Plasma and urinary inulin were measured after perchioric
acid hydrolysis using a centrifugal analyzer (Cobas Mira, Roche
Diagnostica, Welwyn Garden City, UK) as previously de-
scribed [22]. Plasma and urinary PAH were measured using the
method of Bratton and Marshall [23]. Sodium, potassium, urea
and creatinine in plasma and urine were measured by a multi-
channel auto analyzer (Hitachi, BCL, Lewes, UK); plasma
glucose by a glucose oxidase method (Yellow Springs Analyzer,
Yellow Springs Inc., Ohio, USA); hematocrit using routine
Coultercounter and total protein by the Biuret method. Plasma
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Table 1. Mean SEM daily nutrient intake in normofiltering and
hyperfiltering insulin-dependent diabetic patients on normal and low
protein diets
Normal
protein diet
Low
protein diet P value
Hyperfilterers
Total protein g/day 96 6 44 3 <0.02
Animal protein g/day 61 5 20 1 <0.02
Vegetable protein g/day 35 3 24 2 <0,02
Fat g/day 109 6 85 5 <0.02
Carbohydrate g/day 228 19 286 24 <0.02
P/S ratio 0.280 0.05 0.619 0.15 <0.02
Fiberg/day 31±6 25±4 NS
Calcium mg/day 1190 131 1120 117 NS
Phosphorous mg/day 1767 155 1780 214 NS
Normofilterers
Total protein g/day 107 11 44 3 <0.02
Animal protein g/day 70 11 19 2 <0.02
Vegetable protein g/day 36 2 25 3 <0.04
Fat g/day 118 13 81 6 <0.02
Carbohydrate g/day 269 15 325 39 NS
P/S ratio 0.303 0.07 0.544 0.08 <0.02
Fiberg/day 31 2 33 7 NS
Calcium mg/day 1336 148 1284 196 NS
Phosphorous mg/day 1940 122 1974 209 NS
glucagon and growth hormone were measured as previously
described [13, 24].
Calculations
GFR and RPF were calculated as the clearance of polyfruc-
tosan and PAH respectively using the standard formula U -V/P
and corrected to 1.73 m2 body surface area. Renal vascular
resistance (RVR) was calculated as mean blood pressure (MBP)
x (1 — Hct)/RPF (where MBP = diastolic plus one-third pulse
pressure and Hct is hematocrit).
Baseline results are the mean of the four measurements taken
before the protein load; after-load results represent the means
of the three 20-minute intervals for each of the three hours.
Statistical analysis
Data were analyzed by analysis of variance for cross-over
designs with repeated measurements, using the SAS program
[25]. Mean differences between the four combinations of diet
and glycemia at baseline and subsequent time periods were
tested for difference using the t-statistic, correcting the signifi-
cance level for multiple comparisons (Bonferroni's adjustment).
Data are presented as mean 5EM unless otherwise stated.
Where "post-meal" values are quoted, these are the mean
figures for the second hour post challenge unless otherwise
stated. A significant difference was taken as P < 0.05.
Results
Dietary assessments
In both hyperfiltering and normofiltering patients, an approx-
imately 60% reduction in total protein intake was achieved
during low protein diet, as assessed by dietary records, mainly
as a result of a reduced intake of animal protein (Table 1).
Carbohydrate intake increased by approximately 20% and fat
intake decreased by approximately 25% on LPD with almost a
100% increase in the P/S ratio; total fiber intake did not change.
There were no significant differences in daily calcium or phos-
phate intake. The twenty-four hour urinary excretion of urea
was lower on LPD than on NPD (LPD vs. NPD: HF 207 42
vs. 595 73, NF 214 26 vs. 649 46 mmol/24 hr; P C 0.0006
and C 0.001, respectively) and protein intake calculated from
nitrogen excretion similar to that calculated from the dietary
records, thus indicating good dietary compliance (LPD vs.
NPD: HF 38 13 vs. 87 23, NF 40 8 vs. 94 15 W24 hr;
P < 0.005 for both). Urinary creatinine excretion was similar on
the two diets (LPD vs. NPD: HF 17 3 vs. 20 3, NF 17 3
vs. 23 3 mmol/24 hr). There was a small fall in total energy
intake on LPD (LPD vs. NPD: HF 2170 109 vs. 2338 116,
NF 2335 179 vs. 2689 13 Kcal; P <0.02 and P <0.05) but
weight (LPD vs. NPD: HF 74 4 vs. 74 4, NF 76 4 vs. 77
3 kg) and plasma albumin concentration (LPD vs. NPD: HF
39 1 vs. 39 1, NF 39 2 vs. 40 1 g/liter) were similar at
the end of the two diet periods.
Plasma glucose
Seven point glycemic profiles did not differ significantly during
the two diet periods (mean plasma glucose LPD vs. NPD: HF
7.1 0.6 vs. 7.4 0.9, NF 8.1 0.6 vs. 7.3 0.4 mmol/
liter). During the hyperglycemic clamp, plasma glucose was
maintained at approximately 12 mmol/liter (12.0 0.05 mmol/
liter) in each of the four experiments (HF:NPD,LPD; NF:
NPD,LPD). In the euglycemic clamp studies, plasma glucose
was again similar between the four experiments at approxi-
mately 5 mmol/liter (5.1 0.3 mmol/liter). Glucose was not
detected in the urine in the euglycemic clamp studies but was
present in most of the hyperglycemic studies, to a similar extent
in each group at about 15 mmollliter.
Renal hemodynamics and solute excretion
Baseline data. In both HF and NF patients baseline GFR was
lower on LPD than on NPD whether during hyperglycemia or
euglycemia (HF: LPD-H 130 19 vs. NPD-H 151 10, P C
0.05; LPD-E 126 6 vs. NPD-E 147 4, P <0.05; NF: LPD-H
97 9 vs. NPD-H 109 8 P = 0.4, LPD-E 94 6 vs. NPD-E
111 7 P = 0.08, Figs. 1 and 2). In all but two of the
hyperfiltering patients GFR returned to within the normal range
on LPD but remained consistently higher by —33% than in the
normofiltering patients. Baseline RPF was not statistically
different on the two diets irrespective of prevailing blood
glucose; RVR was generally non-significantly increased during
LPD (Figs. 1 and 2) and FF slightly decreased (LPD vs. NPD:
HF-H 0.20 0.01 vs. 0.21 0.03, NS, HF-E 0.18 0.01 vs.
0.22 0.01 P < 0.05; NF-H 0.18 0.03 vs. 0.21 0.01, NS,
NF-E 0.19 0.01 vs. 0.20 0.02, NS). Within each diet group
baseline GFR, RPF, RVR and FF were similar during euglyce-
mia and during hyperglycemia. Hyperfiltering patients were
characterized by an —20% increased renal plasma flow and a
—20% reduction in renal vascular resistance compared to
normofiltering patients in all four experimental conditions (Figs.
1 and 2).
Protein loading data. Hyperfiltering patients. On normal
protein intake mean GFR showed a non-significant ——3% change
after protein challenge during prevailing hyperglycemia rising in
four and falling in the other four patients (Figs. 1 and 3). Under
euglycemic conditions meat ingestion induced a non-significant
mean elevation of —7% in the GFR, which rose in six and fell in
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two patients (Figs. 1 and 3). This change was not statistically
significantly different from the percent change obtained under
hyperglycemia. The pattern of changes in RPF was similar to
that of GFR (Fig. 1) and FF did not change significantly under
either experimental condition (LPD vs. NPD: H- 0.21 0.01
vs. 0.22 0.01, E-0.22 0.01 vs. 0.22 0.01). RVRtendedto
fall after protein ingestion, the change just achieving statistical
significance after three hours during both hyperglycemia and
euglycemia. Mean arterial pressure fell following the protein
challenge both during hyperglycemia (9 4 mm Hg) and during
euglycemia (2 3 mm Hg) at two hours, although the change
reached conventional levels of significance during hyperglyce-
mia only (P <0.05).
On low protein intake after meat ingestion GFR rose signifi-
cantly by 12% during hyperglycemia, increasing in all but one
patient, and by —14% during euglycemia, increasing in all
patients and so restoring a normal pattern of response (Figs. 1
and 3). These percentage changes were significantly greater (P
<0.05) than those obtained during NPD. RPF showed similar
changes (Fig. 1) while FF remained unchanged (Baseline vs. 2
0 1 2 0
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Fig. 1. Glomerular filtration rate (GFR),
renal plasma flow (RPF) and renal vascular
resistance (RVR), responses to protein
challenge in 8 hyperfiltering insulin-dependent
diabetic patients following periods of normal
protein diet (NPD, A, circles) or low protein
(LPD, B, squares), under conditions of
prevailing hyperglycemia (closed symbols)
and euglycemia (open symbols). J3 < 0.05,
<0.01 vs. baseline.
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Fig. 2. Glomerular filtration rate (GFR),
renal plasma flow (RPF) and renal vascular
resistance (RVR), responses to protein
challenge in 8 normofiltering insulin-
dependent diabetic patients following periods
____________________
ofnormal protein diet (NPD, A, circles) or
low protein diet (LPD, B, squares), under
0 1 2 3 conditions of prevailing hyperglycemia (closed
symbols) and euglycemia (open symbols).
Time, hours <0.05, < 0.01 vs. baseline.
hr: H- 0.20 0.01 vs. 0.20 0.01; E- 0.18 0.01 vs. 0.19
0.01). RVR fell significantly by the second hour whether eugly-
cemia or hyperglycemia prevailed (P < 0.02 and P < 0.04).
Mean arterial pressure decreased by 2 1 mm Hg during
hyperglycemia (P <0.05) and 6 4 mm Hg during euglycemia
(NS).
Normofiltering patients
On both NPD and LPD mean GFR rose in all patients
following protein ingestion, whether under conditions of hyper-
glycemia (NPD 12 4%, LPD 29 16%, P <0.05 for both) or
euglycemia (NPD 10 3% LPD 26 8%, P < 0.05 for both).
The response following LPD was greater than following NPD
but the difference did not reach conventional levels of signifi-
cance. The rise in GFR was associated with a rise in RPFand
a fall in RVR (Fig. 2). FF was unchanged (Baseline vs. 2 hr:
LPD-H 0.19 0.01 vs. 0.20 0.02, LPD-E 0.19 0.01 vs. 0.21
0.01, NPD-H 0.21 0.01 vs 0.22 0.01, NPD-E 0.20 0.01
vs. 0.20 0.01, NS). Mean arterial pressure fell slightly but not
significantly (LPD-H 2 2, LPD-E 4 4; NPD-H 3 2,
NPD-E 4 2 mm Hg).
Electrolytes, urea, creatinine, hematocrit and plasma protein
Baseline urinary urea excretion was significantly lower (P <
0.05) on LPD than on NPD. Baseline plasma urea concentration
was lower on LPD in all cases except in the normofilterers
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Fig. 3. Individual GFR responses to protein
challenge in hyperfiltering insulin-dependent
diabetic patients. Responses after a period of
normal protein diet (NPD) are shown on the
left and after low protein diet (LPD) on the
2 3 right. Responses during hyperglycemia (H) are
shown in the upper panels and during
euglycemia (E) in the lower panels.
Time, hours Horizontal bars indicate mean values.
during euglycemia. Plasma concentration and urinary excretion
of urea and creatinine rose following protein challenge and to a
similar extent in each study group whether during euglycemia
or hyperglycemia (Table 2). Baseline urinary sodium and po-
tassium were similar after each dietary period (sodium HF:
LPD-H 143 23, LPD-E 182 52, NPD-H 169 35, NPD-E
180 27; NF: LPD-H 134 31, LPD-E 168 45, NPD-H 136
16, NPD-E 168 25 imol/min; Potassium HF: LPD-H 75
14, LPD-E 79 10, NPD-H 51 8, NPD-E 57 11, NF:
LPD-H 75 26, LPD-E 69 12, NPD-H 38 7, NPD-E 58
12 prnollmin) and increased similarly in all cases following
protein challenge (data not shown). Hematocrit and plasma
total protein were similar at baseline and remained stable
throughout each of the studies (data not shown).
Glucagon and growth hormone
Baseline plasma glucagon levels tended to be higher on NPD
and within each diet under euglycemic conditions, probably as
a consequence of the stimulatory effect of protein and the
inhibitory effect of hyperglycemia on glucagon secretion. How-
ever these differences did not reach statistical significance;
(HF: LPD-H 57 15, LPD-E 70 14; NPD-H 72 9, NPD-E
76 14; NF: LPD-H 43 12, LPD-E 58 8; NPD-H 78 13,
NPD-E 85 16 pg/liter). Levels rose similarly following protein
challenge in all studies, maximally by three hours (HF: LPD-H
44 31%, LPD-E 36 10%; NPD-H 31 7%, NPD-E 47
13%; NF: LPD-H 51 7%, LPD-E 45 12%; NPD-H 29
17%, NPD-E 19 4%; P < 0.05 in each case). Baseline GH
levels were similar under all study conditions (HF: LPD-H 1.0
0.6, LPD-E 1.6 0.3; NPD-H 1.4 0.2, NPD-E 2.4 0.7;
NF: LPD-H 0.9 0.3 LPD-E 1.0 0.2; NPD-H 0.8 0.1,
NPD-E 1.6 0.5 pg/liter) and there were no consistent changes
in response to a meat meal.
Discussion
The higher GFR of hyperfiltering insulin-dependent diabetic
patients was associated with an increased renal plasma flow and
reduced renal vascular resistance as previously described by
ourselves and other authors [16, 261. The prescribed LPD
resulted in a reduction of baseline GFR in both hyperfiltering
and normofiltering patients, with GFR falling into the normal
range in six of the eight hyperfiltering patients; however, in
hyperfiltering patients GFR remained consistently higher than
in normofiltering patients. RVR tended to be increased and
filtration fraction lower during LPD although the differences
failed to reach conventional levels of significance.
Differences in baseline GFRs between the two groups are
unlikely to be accounted for by differences in dietary protein
intake which was similar in the hyperfiltering and the normofil-
tering patients.
These data suggest that it is the responsiveness of the renal
vasculature to protein intake which differs in these two subsets
of diabetic patients. Short-term changes in glycemia had no
significant effect on baseline GFR.
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Table 2. Mean SEM plasma concentration and urinary excretion of urea and creatinine (at times 0-baseline and 1, 2 and 3 hours post protein
challenge) in normofiltering (NF) and hyperfiltering (HF) insulin-dependent diabetic patients according to recent diet (normal protein diet,
NPD; or low protein diet, LPD) and prevailing glycemia
Diet
Euglycemia Hyperglycemia
Time 0 Time I Time 2 Time 3 Time 0 Time I Time 2 Time 3
Urea
Plasma NF NPD 3.2 0.3 3.1 0.8 3.4 0.3" 4.0 0.3" 5.4 0.4 5.4 0.3 5.0 0.3 5.6 0.2
minol/liter
HF
LPD
NPD
LPD
3.3 0.4
4.9 0.4
3.5 0.4a
3.3 0.4
4.9 0.4
3.8 Q•3
3.8 0.4"
5.3 0.4"
4.1 0.?
4.4 0.4
6.1 0.4"
4.8 03b,a
2.7 0.?
4.5 0.4
3.1 0.3k
2.7 0.2
4.7 0.3
3.1 0.?
2.7 0.2a
5.3 0.4
3.4 0.4
3.1 0.3k
5.9 0.4"4.1 0.4
Urine NF NPD 364±32 365±20 493±61 568±48" 361±30 399±35 442±36" 5o729"
j.unol/,nin
HF
LPD
NPD
LPD
197 ma
354±43
263 4
213 iV
361±25
275 38
260 20a
471±50"
341 35&
323 12
540÷47"
377 4Øb.a
174 2?
291±52
220 84
169 iT
297±40
251 32
227 24
367±59"
232 49
266 37a
414±64"
334 30"
Creatinine
Plasma NF NPD 85±2 90±4 93±4" 89±3 92±5 92±5 106±7" 101÷6"
pinol/liter
HF
LPD
NPD
LPD
84±4
80±4
68±7
101±7"
83±4
73±9
94±4"
83±4
76±8"
89±4
81±4
72±9
83±5
72±4
68±4
86±6"
83±6"
68±6
89±6
836"
74±7
87±6"
8o6"
69±7
Urine NF NPD 11±1 13±1" 14±1" 14±1" 11±1 14±1" 16±1" 16±1"
pinolintin
HF
LPD
NPD
LPD
12±1
10±1
9±1
12±1
12±1"
12±1"
13±1
13±1"
12±1"
13±1"
12±1"
10±1
11±1
10±1
11±1
12±1
13±1"
12±1"
13±1
13±1"
13±1"
12±1"
13±1
13±1"
a < 0.05 LPD vs. NPD
"Pc 0.05 times 1, 2 and 3 hours vs. time 0
In the normofiltering diabetic patients, the renal response to
protein challenge was consistent, being characterized by an
increase in GFR and RPF and a reduction in RVR, indepen-
dently of the preceding diet or the prevailing blood glucose
concentration as reported for non-diabetic subjects [8, 12]. By
contrast, in the hyperfiltering patients an abnormal response to
protein challenge was observed during hyperglycemia and
normal protein intake, thus under experimental conditions
mimicking everyday life. The blunted GFR response to meat
ingestion was not entirely corrected by short-term euglycemia
during NPD with 25% of the patients still showing an abnormal
renal hemodynamic response. The institution of LPD normal-
ized the pattern of renal responses to a meat meal, completely
during euglycemia. The magnitude of the GFR response was
generally greater after a low protein diet when baseline GFR
values were lower. Under each of the experimental conditions
the percentage change in GFR was more marked in the normo-
filtering than in the hyperfiltering patients. This was mainly
accounted for by differences in baseline GFR, while the ceiling
GFR obtained after meat ingestion was similar within each
group whether on NPD or LPD. In response to the same protein
challenge normofiltering and hyperfiltering patients achieved a
GFR ceiling of approximately 125 and 150 ml/min/l .73 m2
respectively, independently of the basal GFR, as if these
"maximal" values were set at different levels in these two
groups of patients. There was no case of a normofiltering
patient obtaining the same height of response as a hyperfiltering
patient. These findings further support the notion of different
renovascular reactivity to protein ingestion in diabetic patients
with and without glomerular hyperfiltration. The baseline GFR
emerges as a crucial factor in the renal hemodynamic response
to a meat meal. Normofiltering diabetic patients independently
of preceding protein intake and prevailing glycemia always
showed a physiological pattern of GFR response. In the hyper-
filtering patients during normal protein intake, the renal vascu-
lature is probably near maximally dilated and cannot further
increase blood flow in response to the effeetors of the protein
load-induced hemodynamic changes. Short-term low protein
diet by reducing baseline GFR restores the capacity of the renal
vasculature to respond physiologically to a protein challenge.
These considerations must be restricted to the stimulus (a
protein load) used in this study. The renal vasculature in
hyperfiltering diabetics may however retain sensitivity to alter-
native acute challenges and be able to undergo further dilata-
tion. We have previously reported a small but significant effect
of acute hyperglycemia on GFR in hyperfiltering diabetic pa-
tients only [16], an observation consistent with the present
findings that mean GFR in hyperfiltering, but not in normofil-
tering diabetics was consistently, though not significantly,
higher during hyperglycemia. A short period of sustained
euglycemia or hyperglycemia made little difference to the renal
response to protein loading. The failure of euglycemia to restore
a physiological response probably lies in its ineffectiveness in
reducing baseline GFR over a period of a few hours. It requires
up to three months of near normoglycemia to reverse glomer-
ular hyperfiltration in diabetes, shorter periods of intensified
control being only partially effective [27—29]. Whether or not
after a prolonged period of optimal blood glucose control the
GFR response to a protein meal would be normalized in
hyperfiltering diabetics independently of protein intake remains
an open question.
Our findings are relevant to the minute-to-minute regulation
of GFR in diabetic patients under conditions of ordinary daily
life during which glycemic levels fluctuate between periods of
good and moderate control, each lasting a few hours [30], and
meals are taken at regular intervals throughout the day. Under
these circumstances, the amount of protein in the diet appears
to be the factor principally responsible for the modulation of the
GFR response to a protein load in hyperfiltering diabetic
patients.
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The differences in response between hyperfiltering and nor-
mofiltering patients, or in the hyperfiltering group between
preceeding NPD or LPD, could not be explained by differential
protein absorption as this appeared to be similar in each of the
experimental settings, as measured by changes in plasma and
urinary urea and creatinine. Also changes in the secretion of
hormones such as glucagon and growth hormone, which could
potentially affect renal vascular responses [31, 32], fail to
explain the difference between the renal response of normofil-
terers and hyperfilterers or in hyperfilterers between NPD and
LPD.
Other hormonal systems have been postulated to play a role
in the regulation of GFR, and some specifically in the response
to dietary protein, including the prostaglandin system [33, 34],
the renin/angiotensin/aldosterone axis [35, 36], the kinins [37]
and growth factors such as IGF I [38], but their role was not
investigated in this study. Alterations in vasoactive hormones
could mediate the renal vascular response to protein ingestion
in hyperfiltering diabetics, but whether differences exist be-
tween hyperfiltering and normofiltering patients remains to be
explored. Our present results provide the setting for future
studies to investigate the relative role of altered vasoactive
hormone secretion and/or vascular reactivity in different sub-
sets of diabetic patients.
In summary, hyperfiltering insulin-dependent diabetic pa-
tients under ordinary conditions of glycemic control and protein
intake have an abnormal renal hemodynamic response to pro-
tein ingestion. A physiological response to protein loading is
only restored after a period of low protein intake while short
term alterations in prevailing glycemia per se have little effect
on GFR. Baseline GFR appears a key factor in determining the
renal hemodynamic response to a protein challenge.
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